Atherosclerosis is an inflammatory disease, and ischemic stroke is one of its most common and devastating manifestations. Proinflammatory cytokines play a key role in the progression of the irreversible ischemic lesions. The presence of anti-inflammatory mediators may prevent secondary ischemic injury. Objectives: 1) To assess the relationship between stroke severity and the serum levels of IL-1β, IL-2, and IL-10; and 2) To analyze the neurological outcome after 72 h of ischemic stroke onset and expression of interleukins. Method: We measured the serum levels of IL-1β, IL-2, and IL-10 in 26 patients with acute stroke. Neurological impairment was scored using the National Institute of Health Stroke Scale within the first 72 h after stroke onset. Thirty healthy subjects were analyzed as controls. Results: Patients with IL-10 <925.0 pg/mL presented with neurological deterioration within the first 72 h. Conclusion: IL-10 may protect against ischemic injury during the acute phase of stroke.
Stroke is a frequent cause of death and long-term disability worldwide. One-third of the patients with acute ische mic stroke develop early neurological defects, resulting in increased mortality and functional disability 1 . The underlying mechanism is not completely understood, but there is evidence pointing toward the role of inflammation in acute stroke progression. Peripheral leukocyte influx into the ische mic cerebral parenchyma and activation of microglia occur during the first few hours after stroke onset. The activated cells secrete cytokines resulting in a local upregulation of adhesion molecules and further recruitment of peripheral leukocytes, thereby amplifying the inflammatory response trigged by ischemia
.
Neutrophils are generally the first leukocyte sub-type recruited to ischemic cerebral tissue, followed by lymphocytes. Both neutrophils and lymphocytes secrete potentially cytotoxic substances, such as inflammatory mediators and proteolytic enzymes, involved in secondary tissue damage among the penumbra surrounding the infarct core 2 . Leukocyte recruitment and adhesion to cerebral endothelium also obstruct the microvessels within the penumbra and contribute to the impairment of complete reperfusion of the ischemic brain tissue 3 . Expression of proinflammatory cytokines was detected in early atherogenesis, atheroma formation, and thrombosis, the last complication of atherosclerosis responsible for myocardial infarction and most strokes 4 . Moreover, these inflammatory mediators are considered to be responsible for recruiting leukocytes to the ischemic area after stroke 5 . Interleukin 1 (IL-1) is the prototypic inflammatory cytokine with widespread impact on neural function. IL-1 family cytokines consist of six members, three receptor ligands [IL-1a, IL-1β, and IL-1 receptor antagonist (IL-1ra)], two receptor subtypes (IL-1RI and IL-1RII), and an accessory protein (IL-1AcP). The IL-1 family inflammatory mediators show cell-specific patterns of production, expression, and release. Ligands are primarily produced by glia (and some neurons), while astrocytes and neurons express the signal transducing receptor IL-1RI 6 . Under normal conditions, IL-1 expression is very low in the brain 6 ; however, IL-1β expression is rapidly induced in stroke models. It has been shown that rats expressing low serum levels of IL-1 exhibit lesser extent of ischemic injury following transient or permanent middle cerebral artery (MCA) occlusion, suggesting that IL-1 may play a deleterious role in cerebral ischemia. Similarly, administration of IL-1ra or Il-1β blocking antibodies has been shown to reduce neuronal death. On the other hand, administration of recombinant IL-1β is associated with larger lesions, brain edema, and neutrophil adhesion and infiltration within the ischemic tissue. Furthermore, IL-1 also regulates the expression of the endothelial cell adhesion molecules, and promotes the neutrophil tissue infiltration. In addition, IL-1 induces the production of other cytokines, such as IL-6, TNF-α, CSFs and itself, in a positive feedback loop, thereby making it difficult to distinguish the IL-1-specific effects compared with the indirect effects from other cytokines 2 . IL-10, an anti-inflammatory cytokine inhibits the production of IL-1 and TNF-α by suppressing cytokine receptor expression and activation. IL-10 is synthesized in the central nervous system (CNS) and is upregulated in stroke models. Exogenous expression of IL-10 or IL-10 gene transfer are associated with reduced ischemic area after MCA occlusion, suggesting a protective role for IL-10 against ischemic injury 2 . Furthermore, subjects with low peripheral serum levels of IL-10 have an increased risk for stroke 7 . Low serum levels of IL-10 have also been associated with unstable clinical progression in angina patients 8 .
Interleukin-2 (IL-2), the cytokine also known as T-cell growth factor, is involved in several immunoregulatory and biological functions not only related to the T-cells. IL-2 is known to regulate several processes in CNS, such as sleep and arousal, memory function, and locomotion and the modulation of the neuroendocrine axis. IL-2 and/or IL-2R have been shown to be expressed in rodent and human frontal cortex, septum, striatum, hippocampal formation, hypothalamus, locus coeruleus, cerebellum, and the pituitary and fiber tracts such as the corpus callosum. Due to its blood-brain barrier permeability, IL-2 from either peripheral or central origin, can access the functional IL-2R molecules on neurons and glia 9 . Therefore, IL-2 may play a key role in the pathogenesis of stroke either by promoting T-cell recruitent or by its direct action upon the neurons and glia cells.
PURPOSE
In view of this issue, we evaluated the relationship between IL-1β, IL-2, and IL-10 expression and neurologic outcome following 72 h of ischemic stroke onset. Serum levels of IL-1β, IL-2, and IL-10 of patients with acute stroke were compared with those of controls classified as having significant atherosclerosis.
METhOd

Patients and control subjects
In brief, all the subjects were over 18 years and from Santa Casa de Misericórdia de São Paulo. Subjects within 72 h of acute ischemic stroke onset were integrated in to the group 1. Subjects were selected on Monday, Tuesday, and Wednesday, between June 2005 and December 2006. Subjects with known chronic inflammatory or infectious disease, cancer, hematologic disease and renal or hepatic insufficiency were excluded from the study. Patients where time of symptom onset could not be reliably determined were also excluded. Group 2 com posed of control subjects with no history of stroke or tran sient ischemic attack, infectious or inflammatory disease, malignances or renal or hepatic failure. Control subjects had at least two risk factors for atherosclerosis 10 at the time of inclusion in this study and were under regular follow-up at the geriatric ambulatory of the D. Pedro II Hospital, maintained by Santa Casa de Misericórdia de São Paulo. Written informed consent of approval was obtained from all the patients and control subjects. This study had the approval of the Local Research Ethics Committee.
Diagnosis of ischemic stroke was based on the clinical features. Computed tomography (CT) scans of brains were performed within 24 h of admission, to exclude the patients with primary intracerebral hemorrhage and other strokemimicking conditions. To evaluate the degree of atherosclerosis, bedside carotid ultrasound was performed on patients and control subjects with conditions that allowed the examination; because this facility was not available at the hospital, it was conducted at the radiology department 11 . Patients and control subjects evaluated by carotid ultrasound were classified into two subgroups, one without significant atherosclerosis (bilateral, <50% carotid artery stenosis) and the other with significant atherosclerosis (≥50% carotid artery stenosis on at least one side).
Clinical outcome assessment
The severity of neurological impairment was evaluated and scored by the National Institutes of Health Stroke Scale (NIHSS, referred to as NIH 1 ). A new neurological examination was performed after 72 h of stroke onset. The neurolo gical deficit and functional disability were scored by the NIHSS (referred to as NIH 2 ) and the modified Rankin Scale (mRS) respectively. Neurological outcome evaluation was based on the NIHSS score variation (NIH 1 -NIH 2 ) and the mRS score. For the purpose of stratifying into different outcome subgroups, patients were further classified into the better (NIH 2 ≤NIH 1 ) or worse (NIH 2 >NIH 1 ) outcome groups.
Blood samples
At baseline, venous blood samples were collected from patients and control subjects into tubes containing heparin. Thirty minutes after collection, 30 mL of blood was centrifuged in Ficoll-Paque (Pharmacia 6 cell/mL and stimulated with phytohemagglutinin for 48 h, 37 °C, 5% CO 2 atmosphere. Cell culture supernatants were aliquoted and stored at −70°C until analysis.
Immunological Assays
Blood culture supernatants were assayed for the serum levels of IL-1β, IL-2, and IL-10 by using the commercial kits for quantitative enzyme-linked immunosorbent assay (ELISA) supplied by BD Biosciences (OptEIA ™ ). Assay sensitivities were 7.8 pg/mL minimum and 500 pg/mL maximum. Samples were diluted to 1:10 to achieve maximum allowed sensitivity of 5000 pg/mL. Values over 5000 pg/mL were estimated using the linear coefficient 0.9979. Analyses were performed by technician's blind to clinical information.
Statistical Analysis
The χ2 and Student t-tests were first applied for "gender" and "age" variable assessment. Clinical data (mRS and NIHSS) and cytokine levels were not normally distributed. Analyses were performed using the Statistical Package for Social Sciences software (SPSS v13.0), considering a p-value <5% as significant. Difference in cytokine levels between the two groups was assessed using the Mann-Whitney test. The Spearman correlation analysis was applied to verify the possible relationship between cytokine levels and stroke severity (NIH 1 ). Finally, the Mann-Whitney test was again applied on group 1 to compare the cytokine levels on admission and neurological impairment progression (mRS and NIH 2 ). The receiver-operating characteristic (ROC) curve analysis was applied on significant cytokine data to determine the cutoff values in group 1 patients.
RESULTS
Eighty-seven patients were recruited in group 1. Sixty-one patients were excluded due to one or more of the following criteria: 32 could not sign the written informed consent, 53 could not define the exact time of symptoms onset, 3 patients had a diagnosis of cancer, and 6 presented evidence of active malignancy during the first few days after admission. Therefore, only 26 patients [14 Tables 1 and 2 .
Among the patients evaluated with carotid ultrasound, there was a significant (p=0.016) predominance of highgrade atherosclerosis within the stroke patients compared to the control subjects. There were no significant differences in IL-1β, IL-2, and IL-10 levels between groups 1 and 2 (p=0.479, 0.370, and 0.805, respectively, Figure 1 ). Neurologic impairment severity on admission had no correlation with the cytokines tested (p=0.919, 0.053, and 0.493 for IL-1β, IL-2, and IL-10 respectively). IL-1β and IL-2 levels were not significantly altered with either better or worse outcomes (p=0.073 and 0.648, respectively, Figure 2 ). On the other hand, a significant increase in IL-10 level was associated (p=0.040) with neurological improvement following 72 h of stroke onset (better outcome subgroup patients). From ROC curve analysis, the IL-10 cutoff value of 925.0 pg/mL is associated with the best sensitivity and specificity (76.2% and 80% respectively) ( Figure 2) . Therefore, patients with an IL-10 value above the 925.0 pg/mL cutoff tend to have a better outcome after 72 h.
dISCUSSION
The immune activity in the healthy central nervous system (CNS) is tightly regulated to prevent unwanted immunemediated damage 12 . Cytokines such as IL-1, IL-2, and IL-10 are key regulators of immune activity at the sites of infection or tissue damage. To produce cytokines, source cells such as macrophages, monocytes, lymphocytes, endothelial cells, pla telets, astrocytes, microglia, and neurons must be ac tivated. Acute ischemia may play a role in cell activation for cytokine production within the brain 13 .
However, distinguishing inflammation as a response to ischemic brain injury from an inflammatory trigger for acute stroke is difficult. In our study, cytokine levels in stroke patients did not differ from the control subjects, indicating that the changes in cytokine levels following stroke may in fact reflect a pre-existing situation. It is known that the effect of stroke is strongly influenced by pre-existing inflammatory and infectious conditions. The exclusion of patients with known infectious illnesses could apparently attenuate this bias. However, atherosclerosis as an inflammatory di sease might also be expected to contribute to a pre-existing inflammatory state and acts as a confounding factor.
Carotid atherosclerosis is an important mechanism in patients with ischemic stroke or transient attack due to the possibility of intervention by endarterectomy or angioplasty. In combination with the degree of luminal stenosis, non-invasive measure of inflammation and plaque instability would be a useful adjunct method to determine the risk of cerebral ischemic events in selected patients for appropriate clinical or surgical treatment. However, further studies analyzing the long-term follow-up are warranted to investigate this issue.
Possible criticism of the present study includes the relatively small sample size. In addition, the release of cytokines is often time-dependent: a single sample from each patient collected at varied time intervals from 7 to 49 h can reflect different phases of the biomarker kinetics. The difference in timing of sample collection and the extent of severity of stroke in different patients (NIHSS score between two and 36) can in part explain the diversity of the cytokine expression in our study. Also, the control subjects were not matched for atherosclerosis degree, sex or age. Taken together, these problems may account for the discrepancy between our data and the other studies where an increase in cytokine levels after stroke is reported 2 . Substantial data demonstrate correlation between increased levels of IL-1 after ischemia and worsening of infarct severity 2, 3, 14, 15 . In our study, we did not notice this correlation; however, we did find a significant correlation with IL-10 expression levels and neurological improvement. Our data regarding IL-10 is supported by other studies 8 . IL-10 provides a negative feedback mechanism by blocking the monocytes/ macrophage gene transcription to limit the production of proinflammatory cytokines, IL-6 and TNF-a, intercellular adhe sion molecule-1 (ICAM-1), and matrix metalloproteinase (MMP). The involvement of IL-10 in the pathophysiology of ischemic neurological deterioration should be considered with caution, because to our knowledge, there are no studies defining the level and/or possible effect of IL-10 during neurological worsening. If the association between IL-10 levels and early neurological deterioration is confirmed, it is likely that administration of exogenous IL-10 during acute ischemic stroke can serve as a therapeutic strategy. Thus, this study gives additional evidence that IL-10 may have a potential role as a neuroprotector following acute ischemic stroke. significant difference between patients with NIHSS score improvement and those with NIHSS score worsening regarding the IL-10 levels; according to the ROC curve, the cutoff value of IL-10 that represents the best relationship between sensitivity (80%) and specificity (76.2%) is 925.5 pg/mL, i.e., patients with IL-10 higher than this cutoff value tend to have a better outcome during the first 72 h after ischemic stroke onset. 
